antibodies immunoprecipitated PAK in a peak that did as with a third, faster migrating band that was resolved in 7% native PAGE and did not contain Rac1 (Figure 1f ). PAK was detected in two bands: a band with reduced electrophoretic mobility that comigrated with the slowest
migrating bands of Rac1 and RhoGDI, and a fast migrating Current models propose that active, GTP-bound Rac1 band ( Figure 1f ). interacts with downstream effectors on membranes [2] to regulate actin dynamics, gene transcription, membrane trafficking, cell adhesion, cell motility, and transformation
To identify Rac1 complexes on membranes, extracts from [3] . These functions have been examined indirectly by MDCK cell membranes were separated by rate zonal cenin vitro screening for binding partners [4] , and inferred trifugation ( Figure 1e ). Rac1, RhoGDI, and PAK cosedifrom the effects of overexpressing exogenous dominantmented in a peak with an apparent molecular weight of negative and constitutively active GTPase mutants [3] .
‫06ف‬ kDa. Rac1 also appeared in other faster sedimenting How endogenous Rac1:effector complexes are assembled fractions; these larger protein complexes will be described and targeted to specific cellular sites is poorly understood.
elsewhere (M.D.H.H. and W.J.N., unpublished data). Extracts from MDCK cell membranes were further resolved by native PAGE. Rac1 and PAK comigrated as a single To examine endogenous Rac1:effector complexes, we fractionated MDCK cell homogenates into cytosol and band ( Figure 1g ) with an electrophoretic mobility greater than that of the cytosolic Rac1, RhoGDI, and PAK (Figure membranes, and further separated proteins in these fractions by sucrose gradient centrifugation and native poly1f). RhoGDI resolved into a single band (Figure 1g ) with an electrophoretic mobility similar to that of the fast miacrylamide gel electrophoresis. Differential centrifugation grating band containing only RhoGDI from the cytosol nous Rac1 sedimented as a ‫06ف‬ kDa complex, exactly as in control cells. T17N Rac1 sedimented with an apparent (Figure 1f ). molecular weight of ‫000,522ف‬ Da (Figure 2c ). Dominant-negative (T17N) Rac1 is thought to act by sequestering proteins required for the activation of endogSerum activation initiates Ras signaling, inducing a burst of actin polymerization and membrane ruffling that reenous Rac1 [15, 16] . MDCK cells expressing T17N Rac1 under the control of the Tet repressor [17] were used to quires Rac1 [1] . PAK has been shown to localize to ruffling membranes in serum-treated fibroblasts [18] . We asked directly test this hypothesis. Unlike endogenous Rac1 (Figure 1a) , Ͼ95% of T17N Rac1 fractionated with memhow serum affects endogenous Rac1 and PAK. Cytosol from MDCK cells grown in the presence or absence of branes upon either differential (Figure 2a ) or isopycnic centrifugation (Figure 2b ). Extracted membranes from serum was subjected to native PAGE. An identical pattern of Rac1, RhoGDI, and PAK bands were detected under T17N Rac1-expressing cells were subjected to rate zonal centrifugation. In the presence of T17N Rac1, endogeboth conditions (Figure 2e ). Membrane extracts from MDCK cells grown without serum were separated by rate a specific extracellular signal. We separated proteins by sucrose gradient centrifugation and native PAGE, which zonal centrifugation (Figure 2d ). In the absence of serum, Rac1 did not sediment as a 60-kDa peak, while PAK still provide quantitative and nonselective surveys of protein complexes, and found that RhoGDI and PAK cofractionsedimented in those fractions. ated with Rac1. The cofractionation of these proteins under different conditions indicates the formation of The distribution of endogenous PAK was determined by immunofluorescence. PAK localized to membrane ruffles specific protein complexes comprising Rac1, RhoGDI, and PAK in the cytosol, and Rac1 and PAK at the memand internal tubulovesicular structures. The staining of PAK at ruffling membranes colocalized with cortical actin.
brane. In the cytosol, we propose that Rac1 GDP :RhoGDI is activated, forming a Rac1 GTP :RhoGDI:PAK complex, in When cells were cultured in the absence of serum, however, PAK was not localized to ruffling membranes, alwhich PAK does not appear to be active (Figure 1d ). We cannot formally exclude the possibility that PAK is though tubulovesicular staining remained (Figure 2f membranes was lost following serum withdrawal ( Figure  2f ), which coincided with the loss of the Rac1:PAK com-
